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Environmentally Responsive Cationic Liposome-DNA Complexes for Cell
Delivery
Rahau S. Shirazi1, Kai K. Ewert2, Cecilia Leal2, Cyrus R. Safinya3.
1Department of Chemistry and Biochemistry, University of California,
Santa Barbara, Santa Barbara, CA, USA, 2MaterialsDepartment,University of
California, Santa Barbara, Santa Barbara, CA, USA, 3Materials, Physics, and
Molecular, Cellular and Developmental Biology Department, University of
California, Santa Barbara, Santa Barbara, CA, USA.
Cationic lipids continue to attract attention as synthetic nucleic acid (NA) vec-
tors, and are broadly used for gene transfection (with plasmid DNA) and si-
lencing (with siRNA) including applications in clinical trials. This study
elucidates the superior behavior of environmentally responsive multivalent
cationic lipids containing degradable disulfide bond (labeled CMVLs). Re-
markably, characterization of the complexes prepared with CMVLs contain-
ing degradable disulfide bond (compared to the non-degradable analogs)
reveals the significant effects of stability control. The characterization of
CMVL-NA complexes was assessed using varied CMVL/NA charge ratios
in combination with different ratios of CMVLs to neutral lipids DOPC and
Cholesterol. Small angle X-ray scattering (SAXS) was used to probe the ini-
tial formation of the lamellar structure of (La
c ) CMVL-DNA complexes and
their instability in different reducing environments. The X-ray scattering dem-
onstrates the disassembly of CMVLs-NA complexes in a reducing environ-
ment that mimics the cytoplasmic milieu. SAXS under reducing conditions
reveals DNA bundle formation by the cleaved headgroup of CMVLs with
highly charged headgroups (CMVL5, n=5þ) but not for smaller headgroup
charge (CMVL2, n=2þ). In comparison to non-degradable analogs, CMVL-
NA complexes exhibit an unexpectedly large reduction in cytotoxicity while
retaining high transfection efficiency (Shirazi et al., Biochim. Biophys. Acta -
Biomembranes 2011, 1808, 2156–2166). The current results clearly demon-
strate CMVLs as suitable building blocks to form stable assemblies in non-
reducing environment with triggered disassembly induced by a switch to
reducing environments. Funded by NIH GM-59288, DOE BES DE-FG-02-
06ER46314, and NSF-DMR 1101900, C. Leal was partially funded by the
Swedish Research Council(VR).
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In Silico and in Ex-Vivo Experiments Indicate the Potential of Nanopar-
ticles Composed of RNA-Bolaamphiphile Complexes as a Therapeutic
siRNA Delivery Vehicle
Taejin Kim, Kirill Afonin, Eliahu Heldman, Robert Blumenthal,
Bruce Shapiro.
National Cancer Institute, Frederick, MD, USA.
Speciific siRNA that are designed to silence oncogenic pathways can be used
for cancer therapy.
However, naked siRNAs have short half-lives in the blood stream and have
difficulties in crossing biological membranes due to their negative charges.
These biological barriers can be overcome by using siRNA-
bolaamphiphile complexes. Bolaamphiphiles have two positively charged
hydrophilic head groups connected by a hydrophobic chain and they have
a relatively low toxicity and long persistence in the blood stream. In this
study, we investigated the interactions between bolaamphiphiles and siRNA
and correlated these interactions with gene silencing efficacy. Two different
types of bolaamphiphiles have been studied, GLH19 and GLH20, each hav-
ing different head group structures. Our explicit solvent molecular dynamics
(MD) simulations showed that these bolaamphiphiles associate with RNA
due to (1) electrostatic interactions, (2) hydrogen bond interactions and (3)
hydrophobic interactions. We found that GLH20 head groups interacted
with the RNA by electrostatic and strong hydrogen bond interactions, while
GLH19 head groups associated with the RNA mainly by electrostatic inter-
actions. Studies of agarose gel electrophoresis indicated weaker interaction
of GLH19 with siRNA as compared to the interaction between siRNA
and GLH20. In high salt concentration and in the presence of Triton
X100, siRNA was released from GLH19 complexes, while the siRNA-
GLH20 complex remained intact. In transfection experiments, the siRNA-
GLH19 complex was more effective than siRNA-GLH20 complex. These
MD simulations and experimental results suggest that siRNA is released
from the siRNA-GLH19 complex within the cells faster than from the
siRNA-GLH20 complex, enabling more effective gene silencing when the
siRNA-GLH19 complex is used for the transfection. Therefore,we propose
that siRNA-GLH19 complexes are strong candidates as vehicles for thera-
peutic purposes.3238-Pos Board B99
Small Interfering RNA Transfection Barriers Across a Lipid Membrane
Van A. Ngo, Amit Choubey, Rajiv Kalia, Aiichiro Nakano, Priya Vashishta.
University of Southern California, Los Angeles, CA, USA.
Small interfering RNA (siRNA) molecules play a pivotal role in silencing gene
expression via the RNA interference (RNAi) mechanism. We examine the
effect of a bare siRNA on the structure and mechanical properties of a dipalmi-
toylphosphatidycholine (DPPC) bilayer. Our investigations are based on all-
atom molecular dynamics (MD) simulations reaching 0.5 microseconds for
systems containing 733,000 atoms. These simulations
reveal that the bare siRNA transforms the liquid
disordered (La) phase of the lipid bilayer at temperature
T = 323 K into a phase of frustrated lipid gel domains
which consist of lipid molecules with interdigitated
and non-interdigitated hydrocarbon chains. We have
also performed all-atom MD simulations to examine
the interaction between the DPPC bilayer and a complex
consisting of a siRNA with an oleic acid (OA) molecule
connected to each 3’ end. In this case, the bilayer trans-
forms into the liquid-ordered(Lo) phase. Steered MD
simulations are also performed to study the transfection
of a bare siRNA and siRNA/OA complex across the
DPPC bilayer. Results for the transfection force and stress profiles across the
lipid membrane will be presented.
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Interactions of Gold Nanoparticles with DNA: Interplay of Sequence,
Ligands Charge and Polarity
Abhishek Singh, Nan Li, Yaroslava G. Yingling.
North Carolina State University, Raleigh, NC, USA.
DNA template can trigger the self-assembly of metal or semiconductor nano-
particles into programmable molecular architectures. The performance of
DNA-nanoparticle system strongly depends on the size and ligand chemistry
of nanoparticles. We performed molecular dynamics simulations to investigate
the effect of colloidal gold nanoparticle (GNP) ligands charge and polarity on
the ability to bind DNAmolecules. We tailored the surface of GNP by introduc-
ing different terminal functionality to thiolated ligands, such as hydrophobic,
polar and charged groups. We found that uncharged GNPs and GNPs with cat-
ionic ligand charge density of less than 10% can only bind to the minor groove
of DNA. Whereas GNPs with ligands charge density of higher than 10% can
bind to major or minor groove. Binding to major groove result in significant
distortion and wrapping of DNA around the GNP. The distortions of the
DNA helical structure strongly depends on the ligand charge density. Also at
higher nanoparticle concentration and low charge densities, the ligand hydro-
phobicity can disrupt the hydrogen bonding between base pairs of DNA strands
and leads to unwinding of DNA helix. We observed that by tuning the cationic
charge density and polarity of GNP we can control the binding modes and DNA
structural modifications.
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Design and Assembly of an Artificial Oxygen-Evolving Complex in DNA
Nanostructures
Kimberly N. Rendek, Chad Simmons, Jesse Bergkamp, Justin Flory,
Chenxiang Lin, Ingo Grotjohann, Raimund Fromme, Devens Gust, Hao Yan,
Yan Liu, Petra Fromme.
Arizona State University, Tempe, AZ, USA.
The need for a renewable and sustainable energy source has become apparent,
and focusing on a bioinspired approach emphasizing the water splitting mech-
anism in photosynthesis is a challenging, yet practical and attainable strategy.
In this work, a stable framework consisting of a three-dimensional DNA tetra-
hedron has been used for the design of a biomimic of the Oxygen-Evolving
Complex (OEC) found in natural Photosystem II (PSII). In nature, one of Pho-
tosystem II’s core proteins, D1, is degraded every half hour in the presence of
sunlight. D1’s sensitivity photodamage resides in triplet state formation of
chlorophyll P680þ, the primary donor of PSII. Our project aims to build the
heart of the OEC, including the Mn4CaCl metal cluster and its protein environ-
ment in stable DNA nanocages, which can be connected to a photostable arti-
ficial reaction center that performs light-induced charge separation. The peptide
sequences responsible for coordinating the cluster have been identified through
x-ray structure analysis. RTruncated regions of the peptide sequences contain-
ing Mn4CaCl ligation sites are implemented in the design of the aOEC and are
attached to sites within the tetrahedron to facilitate assembly. Crystals of the
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characterization. As a proof of concept, metal-containing porphyrins, specifi-
cally Fe(III) meso-Tetra(4-sulfonatophenyl) porphine chloride, have been im-
plemented for testing of the encapsulation of a metal-containing molecule
inside of the DNA cage. Upon reduction of the metal through coordination
of two orthogonally oriented peptides covalently attached to the DNA tetrahe-
dron which contain terminal histidine residues, iron (III) becomes EPR active
and the assembly can be analyzed electrochemically. Upon assembly of the
complete metal-containing center (both porphyrin molecule and aOEC), x-
ray crystallography, EPR, and electrochemistry will be used to test functional-
ity in the stable DNA framework.
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Formation and Characterization of DNA-Concatemers
Lu Sun, Hans-Christian Becker, Anna Kim, Bjo¨rn A˚kerman.
Department of Physical Chemistry, Chalmers University of Technology,
Go¨teborg, Sweden.
Self-assembly is a spontaneous process in which small objects could combine
to form larger and more complex constructs. Here we present experiments on
how to use two sequence-designed single stranded nucleotideoligos (50 bases)
to form fairly long (>500 base pairs) double stranded DNA concatemers by hy-
bridization due to the recognition of complementary bases on the two strands.
To optimize the construction of long DNA concatemers, the incubation condi-
tions have been varied, such as oligo concentration, salt concentration, hybrid-
ization time and presence of congesting agents as poly vinyl alcohol. Formed
concatemers were characterized by gel-electrophoresis and Atomic Force Mi-
croscopy (AFM) to investigate the size and shape distribution.
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DNA-Linked Magnetic Particles: A Model Macromolecule
Julie Byrom, Sibani L. Biswal.
Rice University, Houston, TX, USA.
We have recently formed novel colloidal
‘‘polymers’’ by utilizing a magnetic field
to align and DNA to cross-link paramag-
netic colloidal particles into chain struc-
tures. Depending on the length of DNA
used during linking, these chains have dis-
tinct properties, suchasvariations inelastic-
ity. Combined with the magnetic properties
of the particles, they can be used as model
systems to study biopolymer dynamics at
the micron scale. I will discuss a how to uti-
lize and optimize experimental parameters
to synthesize more stable and reliable col-
loidal models of biomolecular assemblies.3243-Pos Board B104
A Multiscale Approach to RNA 3D Structure Prediction
Liang Liu, Shi-Jie Chen.
University of Missouri-Columbia, Columbia, MO, USA.
One of the key issues in the theoretical prediction of RNA stability and struc-
ture is how to predict the loop free energy. Experimental results have shown
strong sequence-dependence of the loop free energy. However, most currently
available models only account for the loop length-dependence of the loop free
energy. We recently developed a three-bead coarse-grained model to generate
the three-dimensional conformations for RNA hairpin loops. Based on the
pseudo-torsion angles for the coarse-grained structures, we can extract a set
of pseudo-torsion angle-based statistical potential parameters from the known
structures. The statistical potential parameters enable folding predictions of the
low-energy coarse-grained 3D structures from the sequence. Further molecular
dynamics computations for an ensemble of decoy conformations about the pre-
dicted coarse-grained structures lead to the final all-atom structures. A notable
advantage of the approach is the use of the statistical potential for evaluatingthe loop free energies and guiding the search for the low-energy coarse-grained
structures from the sequence.
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Biochemical Studies of a Long Noncoding RNA Involved in Breast Cancer
Biology
Irina V. Novikova, Scott P. Hennelly, Karissa Y. Sanbonmatsu.
Los Alamos National Lab, Los Alamos, NM, USA.
Long non-coding RNAs, a significant fraction of the transcriptome in higher eu-
karyotes, are emerging as key players in many rapidly growing areas of biol-
ogy, including embryonic stem cell differentiation, brain function,
subcellular compartmentalization, chromatin remodeling and cancer biology.
We report one of the first biochemical characterizations of a long ncRNA,
which coactivates sex hormone nuclear receptors and is strongly associated
with breast cancer. This was the first RNA proven to act as a regulatory non-
coding RNA and to code for a protein. To date, eleven variant transcripts of
the long ncRNA have been identified. We study three: 1) a noncoding isoform,
2) a coding isoform, and 3) an intron-comprising noncoding transcript, which is
alternatively spliced and possesses a partial intron insertion. To assess the sec-
ondary structures of the selected RNAs and map their overall structural organi-
zation, we employ chemical probing tools at select experimental conditions.
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Functional Non-Coding RNA Coding Vascular Epigenetics: Chance and
Necessity in Adaptation Reactions
Josef H. Wissler.
ARCONS Institute for Applied Research & Didactics, Postfach 1327,
D-61231 Bad Nauheim, jhw@arcons-research.de, Germany.
OBJECTIVE:Noncoding ncRNAs, the main RNA transcript fraction, were in-
vestigated in epigenetic vascular [angiogenic/arteriogenic] phenotype biology.
Background: From same genotype [twins, clones, polyphenisms], different
phenotypes may result from coded genetic [Mendelian] information and epige-
netic [non-Mendelian] reactions; e.g. normal, functionally efficient, organized
and abnormal, inefficient, mess-chaotic [tumor] tissues. The genetic code was
deciphered. Epigenetic reaction principles [episcription,~‘‘overscription’’] in-
cluding posttranslational modifications are still debated whether just being
chance reactions or coded [necessity, algorithms]. METHODS: Ann.N.Y.
Acad.Sci. 1022:163-184,2004; 1137:316-342,2008; Biophys.J. 98:659a,2010;
96:62a,2009. RESULTS: Angiotropin-related functional fncRNAs were iso-
lated and sequenced from endothelial cells and macrophages following chance
reactions by environmental chemical and physical factors. In focus were extrin-
sic metabolic, hypoxia and mechanosensitive [shear stress] factors and ncRNA-
riboswitch regulation of hypoxia-inducible, Krueppel, inositol:NADP-
epimerase- and NADPH-oxidase-associated transcription factors. fncRNAs
are non-Mendelian spliced, modified, edited, redox- and metalloregulated,
5’-end-phosphorylated small hairpin bioaptamers [<200n]. Modified bases/nu-
cleosides are e.g. isoguanine/isoguanosine/crotonoside, adenine-/adenosine-
N1-oxide of 151Da base families. Biosynthetically, these result from Fenton-
type redox-OH*-radical RNA modification by environmental factors [hypoxia,
metal ions, reductones/vitamins]. By 5’-CUG-3’-hairpin loops, fncRNAs regu-
late phenotypic adaptation to environmental needs by complementary interac-
tion with defined conserved homologous helix-nucleating Mendelian consensus
domains shared in epigenetic regulator proteins. Unrelated sequences/confor-
mations and precursors without modifications showed no function. CONCLU-
SIONS: The results suggest novel mechanisms and therapeutic targets for
metabolically and hemodynamically switched vascular adaptation [angiogene-
sis/arteriogenesis], like collateral safeguard circulation [form follows function].
For epigenetic imprinting and inheritance, extrinsically induced chance and
heuristic reactions in algorithmic [necessity] processes include sequences of fi-
nite instructions in which probabilistic randomness may be incorporated. Al-
though molecular self-organization of some final phenotype patterns
seemingly may reflect Fibonacci relations [golden ratio], beyond instructions,
chance and necessity spatiotemporal relations generate non-Mendelian
fncRNA diversity for best fitting codes in interactions with Mendelian biomol-
ecules and influence how selection impinges on [transient] phenotypes.
